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ABSTRACT 


The  analytical  phase  of  the  program  has  been 
directed  toward  establishing  techniques  for  oxygen, 
nitrogen  and  carbon  in  cesium o  Since  the  analytical 
procedures  employed  for  carbon  (iO  ‘  5  ppm)  and 
nitrogen  (2  ppm  -  2  ppm)  in  sodium  were  easily 
adapted  to  cesium,  the  bulk  of  the  effort  has  been 
on  development  of  an  oxygen  analytical  technique » 
Results  indicate  that  the  standard  amalgamation 
technique  gives  consistently  low  results  for  oxygen 
in  cesium o  Of  the  other  two  techniques  evaluated, 
the  MSAR  sodium  amalgam  and  the  butyl  bromide  tech¬ 
niques,  the  sodium  amalgam  technique  seems  to  be 
most  reliableo  > This  technique  has  been  applied  to 
potassium  on  an  in-house  sponsored  effort  to  verify 
the  method, \  No-si-gnificant— dtffeTenccs-i-n-values 
wexa-obaa^Fved—between— sasnpl-es—of-pot'as^rmr'an  aly  z  ed 
via— the— 5t:andard-amaigamation~techni*que"'£nd"'thc 
ia-lga»-»et4«>d  „ 


^The  mechanisms  associated  with  the  attack  of 
structural  materials  by  isothermal  liquid  cesium 
are  being  studied.  Capsules  of  Mo-l/2ITi  have 
been  prepared  for  study  of  the  solution  junetics 
of  this  alloy  into  liquid  cesium  at  250CLJF,  Dis¬ 
similar  metal  studies  wit}:  Haynes-25  and  Cb-lIZr 
have  been  initiated,  r  x 
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ANALYTICAL  RESULTS 


Nitrogen 

Nitrogen,  as  cesium  nitride,,  is  determined  by  a  modified 
Kjeldahl  method  wherein  nitride  is  converted  to  ammonia,  dis¬ 
tilled  from  a  caustic  solution,  absorbed  in  an  acid  solution  and 
determined  with  Nessler  s  Reagent.  This  technique  has  been  used 
for  the  analysis  of  nitrides  in  lithium  and  sodium^  This  method 
has  a  lower  limit  of  detection  of  2  ppm  with  a  sensitivity  of 
*  2  ppm.  Results  have  indicated  a  nitrogen  (as  nitride)  concen¬ 
tration  of  (2  ppm  in  ‘as  produced*  cesium,  hence  additional 
nitrogen  analyses  have  been  discontinued 

Carbon 

Carbon  is  determined  by  , reaction  of  the  alkali  metal  with 
water  at  O^C,  acidification  and  evaporation  to  dryness.  The 
carbon  is  converted  to  CO2  by  reaction  at  bOO^C  with  purified 
oxygen.  The  CO2  is  measured  in  a  1  meter  cell  at  4.4  microns 
on  an  infrared  spectrometer..  The  lower  limit  of  this  method  is 
10  ppm  with  a  sensitivity  of  *  5  ppm. 

Samples  of  "as  produced"  cesium  have  shown  an  approximate 
carbon  concentration  of  60  ppm.  The  cesium  was  hot  trapped  using 
zirconium  chips  (27  gms  cesium/gro  zirconium)  at  1200®F  for  16 
hours.  This  procedure  reduced  the  carbon  level  to  23  ppm.  Since 
this  cesium  will  be  used  as  the  supply  for  the  corrosion  study, 
no  additional  carbon  analyses  are  planned. 

Oxygen 

Introduction  Three  techniques  of  oxygen  analysis  in  cesium 
have  been  evaluated. 

1.  Standard  amalgamation  extraction  of  cesium  with 
mercury  and  determination  of  residue. 
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2.  Sodium  amalgam  -  extraction  of  cesium  with 
simultaneously  reduction  of  CS2O  to  Na20, 
and  determination  of  residue* 

3.  Butyl  bromide  -  reaction  of  cesium  with  butyl 
bromide  and  determination  of  unreacted  oxide. 

The  standard  amalgamation  technique  has  given  consistently  low 
oxygen  results.  This  is  attributed  to  the  solubility  of  cesium 
oxide  in  cesium  amalgam.  To  eliminate  the  solubility  problem ^ 
it  was  decided  to  use  a  modified  amalgamation  method  where  a 
0.5  wtl  sodium  amalgam  is  used  with  sodium  reducing  cesium  oxide 
to  sodium  oxide  which  is  known  to  be  insoluble  in  the  amalgam. 

The  butyl  bromide  method  has  given  erratic  results.  This  is 
attributed  to  difficulty  in  purifying  reagents  although  inter* 
actions  of  cesium  with  the  organic  reagents  may  also  contribute 
to  the  fluctuations  which  have  been  observed. 

The  apparatus  which  has  been  used  for  the  study  was  de¬ 
scribed  in  the  First  Quarterly  Progress  Report.  One  modifi¬ 
cation  was  made  during  this  report  period  -  the  1  1/2  in, gate 
valve  used  as  a  sampling  port  began  leaking  past  the  seat  and 
this  valve  was  replaced  with  a  1  1/2  in. ball  valve.  The  ball 
valve  has  performed  satisfactorily  but  it  has  been  necessary  to 
replace  the  seals  and  rings  on  one  occasion. 

Results  of  Oxy£en  Analyses  -  Results  are  shown  in  Table  1; 
this  table  includes  those  results  which  are  suspected  of  con¬ 
tamination  but  these  are  appropriately  indicated.  Runs  38  through 
41  were  made  with  the  original  apparatus.  It  was  during  this 
period  that  the  1  1/2  in  gate  valve  developed  a  leak  and  results 
indicated  that  the  samples  were  being  contaminated.  Liquid  cesium 
could  be  found  on  the  valve  seat  after  sitting  overnight  and 
the  sampling  apparatus  could  not  be  properly  evacuated  because  of 
the  leak.  The  system  was  shut  down*  the  cesium  was  drained  and 
the  vessel  washed  out.  The  gate  valve  was  replaced  with  a 
1  1/2  in  ball  valve. 

The  vessel  was  recharged  with  cesium  and  an  initial  oxygen 
concentration  was  established  by  both  the  sodium  amalgam  and  the 
butyl  bromide  method.  The  sodium  amalgam  method  showed  an  average 
of  ^50  ppm  O2  which  is  in  good  agreement  with  previous  analyses 
of  "as-produced"  cesium.  Results  found  with  the  butyl  bromide 
method  varied  to  a  greater  extent  than  those  found  with  the  sodium 
amalgam  method.  However,  an  average  of  those  samples  which  were 
known  to  be  free  of  contamination  showed  31  ppm  0,  approximately 
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20  ppm  lower  than  that  found  with  the  sodium  amalgam  method.  Of 
particular  interest  was  Sample  #51  which  stood  over  the  weekend 
under  butyl  bromide  and  hexane;  analysis  of  this  sample  showed 
0  ppm  suggesting  that  a  reaction  between  the  cesium  oxide  and 
either  butyl  bromide  or  hexane  may  take  place.  It  is  conceivable 
that  lower  oxides  such  as  CsyO  (m.p.  -2®C)  are  metalloid  type 
compounds  and  might  tend  to  react  with  butyl  bromide. 

After  the  oxygen  concentration  was  established,  an  equivalent 
of  300  ppm  oxygen  was  added  to  the  vessel  as  gaseous  oxygen.  A 
sample  (No,  69)  taken  1  hour  after  O2  addition  showed  59  ppm 
oxygen  indicating  non-equilibrium  conditions.  Later  samples  gave 
results  ranging  from  114  to  139  ppm  O2. 

Failure  to  account  for  all  of  the  oxygen  added  to  the  vessel 
substantiated  observations  made  during  earlier  additions.  To 
verify  that  oxygen  was  not  escaping  from  the  cesium  during 
addition,  a  glass  vessel  was  filled  with  cesium  and  a  hypodermic 
needle  was  immersed  to  a  depth  duplicating  that  used  during 
addition  to  the  test  vessel.  When  oxygen  was  added  to  the  cesium, 
a  crackling  sound  could  be  heard,  but  there  was  no  visible  evi¬ 
dence  of  oxygen  escaping  from  the  cesium  surface.  Formation  of 
the  peroxide  or  superoxide  of  cesium  would  result  in  low  values 
for  oxygen  but  these  compounds  would  not  be  expected  to  form  at 
the  concentrations  and  temperatures  (600°F)  used  in  this  study. 
Furthermore,  it  is  assumed  that  the  sodium  amalgam  procedure 
would  result  in  the  reduction  of  all  oxygen  associated  with  cesium 
to  Na20  so  all  oxygen  would  be  recovered.  The  only  plausible 
explanation  for  the  inability  to  account  for  oxygen  added  to 
cesium  seems  to  be  reduction  of  cesium  oxide  by  the  container 
material  at  600®F. 

Samples  analysed  by  the  butyl  bromide  method  showed  signifi¬ 
cantly  lower  results.  In  one  case,  a  value  of  0  ppm  was  obtained 
with  an  apparently  valid  sample.  These  results  have  suggested 
that  the  use  of  the  butyl  bromide  method  for  analysis  of  oxygen 
in  cesium  be  discontinued,  within  the  scope  of  the  present  pro¬ 
gram. 


Samples  analysed  by  the  sodium  amalgam  method  2  weeks  after 
oxygen  additions  showed  a  decrease  from  116  ppm  to  46  ppm.  This 
fact  is  further  evidence  that  the  vessel  walls  are  gettering 
oxygen  from  cesium. 

Analyses  of  hot  trapped  cesium  is  represented  by  Samples 
Nos.  66,  67  and  68  with  known  contamination  of  No.  68.  The  average 
of  samples  66  and  67  was  11.5  ppm  O2  compared  to  the  typical 
"as -produced*'  level  of  50  ppm. 
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A  number  of  runs  were  made  on  the  sodium  amalgam  used  for 
cesium  extraction  to  establish  a  blank  or  background  level o  This 
was  done  by  duplicating  the  complete  procedure  of  sampling  and 
analysis  except  that  extraction  of  a  cesium  sample  from  the 
vessel  was  eliminatedo  This  blank  was  typically  9  ppm  O2  with 
a  range  of  6  to  13  ppm  O20  Possible  sources  of  this  blank  weie: 

1.  Incomplete  removal  of  O2  and/or  water  from  the 
amalgamation  chamber  walls  0 

2o  Solubility  of  Na20  in  sodium  amalgam, 

3c  Occlusion  of  Na20  in  sodium  amalgam. 

When  the  volume  of  sodium  amalgam  added  to  the  chamber  was  varied, 
the  blank  varied  suggesting  that  the  blank  was  inherent  in  the 
amalgam  and  not  a  function  of  incomplete  degassing  of  the  chamber 
walls.  Solubility  of  Na20  in  the  amalgam  does  not  seem  to  be  a 
valid  answer  since  the  oxide  would  not  appear  as  a  residue  in  the 
chamber  if  it  were  soluble.  Occlusion  seems  to  be  the  most 
credible  answer  and  variations  in  the  blank  level  on  duplicate 
samples  of  the  same  batch  of  amalgam  seems  to  verify  this.  How¬ 
ever,  this  is  a  preliminary  conclusion  and  additional  work  is 
required  to  elucidate  this  facet. 

Of  particular  interest  to  this  program  is  recent  work  on  the 
analysis  of  oxygen  in  potassium  performed  under  MSAR  sponsorship. 

The  objective  of  this  study  was  to  determine  if  the  standard 
amalgamation  procedure  was  valid  for  potassium  analysis.  The 
study  was  performed  in  a  vessel  charged  with  zirconium  chips,  and 
a  slow  reduction  in  oxygen  level  was  noted.  Samples  were  analysed 
by  both  the  standard  amalgamation  and  sodium  amalgam  methods  with 
the  results  shown  in  Table  2,  These  results  indicate  that  the 
standard  amalgamation  method  is  valid  for  the  analysis  of  oxygen 
in  potassium.  Since  the  standard  amalgamation  procedure  is  less 
complicated  than  the  MSAR  modified  procedure,  its  use  is  being 
continued  as  the  method  of  oxygen  analyses  of  potassium  at  MSAR. 

The  application  of  the  sodium  amalgam  method  to  the  analysis 
of  oxygen  in  cesium  results  in  more  credible  data  than  any  other 
method  yet  attempted.  However,  further  work  is  necessary  to 
enable  the  method  to  be  chosen  as  a  standard  technique.  This 
work  would  include: 

1,  Quantitative  recovery  of  added  oxygen  (mass  balance), 

2,  Improvement  in  blank  value  precision(or  elimination  of  blank), 

3,  Effects  of  oxygen  removal  by  stainless  steel  vessel 
walls , 

Since  the  present  program  is  essentially  a  corrosion  program, 
further  work  on  verification  of  the  method  will  be  discontinued 
at  this  time. 
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TABLE  2  -  OXYGEN  ANALYSIS  OF  POTASSIUM 


Sample  0? 

No, 

Concentration 

(ppm) 

Time  at  600®F 
After  Charging 
(days) 

Method 

1 

29 

0 

Hg 

2 

29 

0 

Hg 

3 

32 

1 

Hg 

Average 

30 

4 

17 

1 

Na-Hg 

5 

25 

1 

Na-Hg 

6 

29 

2 

Na-Hg 

7 

24 

2 

Na-Hg 

8 

21 

3 

Na-Hg 

9 

U 

3 

Na-Hg 

Average 

22 

10 

17 

4 

Hg 

11 

21 

5 

Hg 

12 

19 

5 

Hg 

Average 

19 
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Table  3  summarizes  Haynes-25  capsule  tests  performed  to  date. 
As  a  control  study  on  the  Haynes  alloy-25,  one  capsule  (#1)  was 
fabricated  and  exposed  to  "as-produced”  cesium  at  1800®F  (982®C) 
for  104  hours.  The  capsule  showed  no  extensive  corrosion  effects 
(Fig,  3),  but  increased  precipitation  at  the  surface  as  compared 
to  an  air  aged  specimen  (Fig,  2),  No  attempts  was  made  for  a 
complete  analysis  of  the  metals  dissolved  in  cesium. 

Photomicrographs  (Fig,  3)  of  samples  from  the  capsule  showed 
0,4  mil  thick  zone  from  the  liquid  metal  interface  where  grains 
were  affected.  Hardness  tests  on  the  portions  of  the  capsule 
exposed  to  cesium  vapor  showed  the  usual  age  hardening  of  this 
alloy  (R^  *  40)  while  those  in  contact  with  the  cesium  liquid 
had  no  hardness  increase  over  the  annealed  material  (Rj.  »  20), 
Chemical  analyses  of  a  portion  of  the  Haynes-2S  capsule  exposed 
to  liquid  cesium  showed  a  50  ppm  decrease  in  carbon,  a  50  ppm 
decrease  in  nitrogen  and  a  25  ppm  increase  in  oxygen, 

Haynes  alloy-2S  has  considerable  precipitation  during  age 
hardening  at  test  temperatures  due  to  the  formation  of  carbides 
and  intermetallics 0  Most  of  this  precipitation  occurs  along 
grain  boundaries  and  slip  planes.  When  this  alloy  is  exposed  to 
liquid  cesium  at  test  temperature,  the  affected  zone  (approxi¬ 
mately  0,4  mil  transverse  from  the  interface)  shows  a  greater 
degree  and  more  general  distribution  of  precipitates.  Near  the 
surface,  grain  boundaries  are  most  indistinct  and  there  is  an 
increase  in  grain  boundary  definition  proceeding  from  the  inter¬ 
face  into  the  matrix. 

Complete  analytical  results  for  capsules  exposed  100  hours 
(#2)  and  500  hours  (#3)  using  Haynes  alloy-25  with  Cb-l%Zr 
inserts  are  not  yet  available  for  comparison  with  the  control 
sample,  Metallographic  examination  has  shown  that  both  metals 
used  in  these  tests  have  a  thin  coating.  X-ray  analyses  of  the 
Cb-l%Zr  inserts  have  shown  these  coatings  to  be  CbN,  The  sur¬ 
face  of  the  Haynes  capsules  also  showed  a  very  thin  coating  which 
could  have  been  precipitated  on  cooling  to  room  temperature.  The 
curved  surface  is  not  presently  amenable  to  x-ray  diffraction 
analysis  and  so  this  coating  has  not  been  analysed.  The  cesium 
liquid-vapor  interface  is  easily  discernable  in  capsules  2  and  3 
due  to  the  presence  of  the  dark  coating  in  the  liquid  phase. 
Contrary  to  observations  on  the  control  sample,  hardness  in  both 
liquid  and  vapor  zones  is  R^  »  36,  The  presence  of  the  thin 
coating  is  not  thought  to  have  any  influence  on  the  results  of 
hardness  tests  which  could  have  possibly  given  an  indication  of  its 
composition.  The  control  sample  showed  a  change  from  age  hardened 
to  annealed  conditions  within  a  very  narrow  band  0.1")  at 
the  cesium  liquid-vapor  interface. 
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TABLE  3  -  HAYNES-25  CAPSULE  TESTS  AT  ISOO^F  * 


Capsule 

No. 

Tab  Insert 

Test 

Duration 

(hrs) 

Hardness  of 
Haynes  Surface 
Exposed  to  Vapor 

CSJ 

Hardness  of 
Haynes  Surface 
Exposed  to  Liquid 
(Rnl  

1 

None 

104 

40 

20 

2 

Cb-lUr 

100 

36 

36 

3 

Cb-lUr 

500 

36 

36 

*  Cs  charge  «  10  g 
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The  Haynes  alloy-25  capsule  (#2)  which  had  been  exposed  for 
100  hours  at  1800*F  (982®C)  with  a  Cb-lIZr  insert  in  the  melt 
has  an  affected  area  averaging  Jo4  mils  transverse  from  the  sur¬ 
face  (Fig,  4),  This  area  is  darker  than  that  of  the  control 
sample  but  gives  no  different  appearance  under  polarized  light. 

The  color  may  be  due  to  a  different  chemical  composition  or  to 
variations  in  chemical  etching.  The  affected  zone  tapered  off 
at  the  interface,  which  was  visible  through  the  microscope,  but 
did  not  reproduce  well  on  a  photomicrograph. 

The  Cb-lIZr  insert  from  the  100  hour  test  showed  a  1,331 
decrease  in  weight  and  an  average  0,003  in. decrease  in  thick¬ 
ness,  The  tab  has  a  0,4  mil  coating  of  CbN  over  the  entire 
surface  (Fig,  5),  A  diffusion  zone  between  the  CbN  coating  and 
the  Cb“l%Zr  matrix  is  evident  in  Figures  5  and  6,  Microprobe 
analyses  might  verify  the  composition  of  this  diffusion  zone. 

The  source  of  the  nitrogen  for  formation  of  the  nitride 
coating  on  Cb-lIZr  is  hoped  to  be  shown  in  later  analytical  re¬ 
sults,  Previous  analysis  of  cesium  has  given  negligible  quanti¬ 
ties  of  nitrogen  present  in  the  metal.  The  nitrogen  present  in 
Haynes  alloy-2S  or  traces  not  completely  removed  in  the  argon 
cover  gas  seem  the  only  possible  sources  of  nitrogen  which  had 
apparently  diffused  through  the  cesium.  Sufficient  nitrogen  is 
probably  present  in  Haynes-ZS  to  cause  such  a  coating. 

The  Haynes  alloy-25  capsule  exposed  for  500  hours  shows 
physical  properties  identical  to  that  of  the  100  hour  test.  The 
transverse  affected  zone  in  this  test  was  increased  to  2  mils 
and  has  the  dark  appearance  of  that  seen  in  the  100  hour  test. 

The  surface  is  regular  showing  no  great  corrosion  but  possible 
solution. 

The  Cb-l%Zr  insert  in  the  500  hour  test  experienced  no  weight 
loss  and  no  change  in  thickness  as  opposed  to  the  100  hour  test 
which  did  show  significant  weight  loss.  There  is  a  CbN  coating 
which  is  0,6  mil  thick  (Fig,  6),  The  diffusion  zone  noted  in  the 
100  hour  test  is  also  somewhat  larger  and  more  distinct  under  the 
microscope. 

Test  pieces  of  Mo-0, 5%Ti  alloy  were  heated  in  a  controlled 
atmosphere  furnace  at  250Q“F  (1372®C)  in  an  argon  atmosphere  and 
in  vacuo.  The  sample  tested  in  argon  was  kept  at  temperature  for 
30  hours  in  a  static  argon  atmosphere.  It  gained  weight  to  the 
amount  of  0,2%  and  experienced  an  average  hardness  increase  of 
6  Rc  units,  A  similar  sample  exposed  20  hours  at  temperature  in  a 
vacuum  of  10  microns  mercury  experienced  no  weight  loss  and  no 
change  in  hardness.  The  static  argon  atmosphere  did  not  eliminate 
contamination  via  degassable  contaminants  in  the  Mullite,  and 
would  probably  be  improved  if  a  slight  flow  were  used. 
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The  results  of  these  tests  indicate  that  either  the  argon 
atmosphere  or  a  vacuum  could  be  used  for  2500**F  capsule  tests. 

The  slight  changes  encountered  with  the  alloy  heated  in  vacuum 
seem  more  favorable  for  metallographic  and  chemical  analysis 
and  will  be  employed  for  the  first  tests. 

One  Mo-O.SIfTi  capsule  has  been  machined,  filled  and  welded 
for  kinetic  solution  studies.  The  presence  of  the  "Lucalox" 
alumina  crucible  for  sampling  at  temperature  did  not  significantly 
hinder  any  part  of  the  capsule- preparation.  The  Mo-0, SITi  rod 
used  to  suspend  the  capsule  in  the  furnace  is  to  be  welded  in 
the  near  future.  Haynes  alloy-25  and  Cb-l%Zr  capsules  for  use 
in  the  kinetic  solution  studies  of  these  alloys  are  also  being 
prepared. 


Fi£.  5  Nb  -  1-6  Zr  Insert  from  Haynes  Capsule 
Exposed  100  Hours  to  Liquid 
Cesium 

Etchant:  CH3CIIOIICOOH,  HNO3,  HF  266x 


Fig.  6  Nb  -  II  Zr  Insert  from  Haynes  Capsule 
Exposed  500  Hours  to  Liquid 
Cesium 

Etchant:  CH3CHOHCOOIi,  HNO3,  KF  25 6x 


100  Hour 
Present 


